The point scattering model offers a parameterization of the reverberation probability density function (pdf) in terms of the coefficient of excess (kurtosis) and a coherent component represented by a harmonic process with random phase. In this paper the potential utility of this parametrization is investigated in the context of seafloor characterization. The problem of separating out the effect of each parameter is discussed. Computer simulations are used to verify model predictions on the reverberation quadrature, envelope, and phase pdf. As part of the verification study, the scatterer density was determined from the kurtosis of the reverberation quadrature pdfi A statistical analysis of this procedure points to reduced estimate accuracy with decreasing kurtosis. Additional computer simulations show that the chosen pdf family, developed under the assumption of a Poisson scatterer distribution, is flexible enough to fit reverberation data generated by non-Poisson scatterer distributions exhibiting a degree of clustering or regularity. A computer experiment demonstrates how this parametdy•tion can be used in conjunction with a simple sonar geometry to generate acoustic signatures for seafloor classification. In addition, real reverberation data collected by a Sea Beam sonar system in two different seafloor areas are interpreted according to the chosen parametrization.
program REVGEN (REverberation GENerator) 12.13 is used to first simulate the classical point scattering model and then to study reverberation produced by a number of different scatterer distributions deviating from the Poisson distribution. Based on these synthetic data, predictions of the model are validated and a procedure is developed for creating feature vectors representative of the different scatterer distributions. 
G(t i) = gB 2(ri )v(ti)
where g is a system gain factor, B 2(r• ) is the two-way beam pattern factor in the direction of the ith scatterer, and v(t• ) represents the two-way propagation loss.
Here we assume that the set {q } is empty, so that reverberation is described by the simpler expression N
x(t) = • aiG(t•)f(t--t•). (3) i--I
The above can be considered to be a problem in repeated trials. The "experiment" is placing scatterer returns at random in the time interval (0, T), where T is the total time of reception. Let the time interval ta be defined in terms of the transmitted pulse length r: t a = (t --r/2,t + r/2).
The returns are assumed to be uniformly distributed throughout the full interval of reception (0, T) where T>> ta. Then, the probability that a single return lies in t• is given by
Pn = ta/T (5)
A key assumption of the point scattering model is that P(N), the probability that N scatterer returns arrive during t a, is governed by the Poisson law:
P(N) = [ (not • )•V/N!]exp( --not• )
where no is the average number of scattered signals arriving per unit time.
If the Poisson assumption holds and if the a• and N are
statistically independent, it can be shown that the k th-order semi-invariant )[k of the process x (t) is given by TM 
of the reverberation process x(t). These moments can be used to obtain an Edgeworth series representation of the probability density function (pdf) of reverberation.
A 
is known as the coefficient of excess or kurtosis. It is a nondimensional quantity that describes the peakness or flatness of the pdf relative to a Gaussian. As the number of scatterers becomes infinite, • tends to zero and p(x• ) converges to a Gaussian pdf The coefficient of excess can be related to (N), the average number of scatterers combining to produce the reverberation process, via The practical utility of this expression will be investigated in Sec. II.
The complex envelope of reverberation • (t) is given by X(t) = x•(t) +jx•(t),
where x• (t) and x• (t) are the reverberation quadrature components, each distributed according to Eq. (11 ). The quantity usually referred to as the reverberation "envelope" is u(t) = [X(t) l = x/x2c ('t) + x•(t). In practice, one would have to be content with using alone to characterize the underlying scatterer distribution in terms of both the effective number of scatterers and the pre- . (14) ]. When • is not equal to zero, this expression yields an estimate of the scatterer density. Here, this expression is applied to recover (N) from estimates of y obtained from synthetic reverberation data. This may be viewed as part of the verification study since the number of scatterers inserted in the simulation is exactly known apriori. In addition, the practical utility ofthis model prediction can be evaluated in light of the parameter estimation problem involved.
The coefficient of excess was estimated according to the classical moment method as follows:
where the sample momentsMk are computed directly from n reverberation samples by
Mk=l• (xi--•)• (25) n i_1
and • is the sample mean: Thus, the quality oft•he {N ) estimate is expected to deteriorate with decreasi^ng ?,. Value• listed in Table I Perhaps the most applicable physical scenario is that of manganese nodule distributions.
It seems reasonable to expect the differences in the discrete spatial distribution of the scatterers to be reflected in the statistical behavior of the reverberation produced by these distributions. The result may be acoustic "feature vec- 
,-(ms)
•' (•) (N) One (C1) has highly concentrated clusters and the other (C2) fairly diffuse ones. The second class of non-Poisson distribution is a regular or ordered process. In this case, each point is drawn from a Poisson distribution, but is assigned a circular region of exclusion where no other point can be located. Two ordered distributions were created differing in the size of the region of exclusion. This region has a radius of 1 m for the first distribution (O!) and 1.5 m for the second (02). The third type of distribution (P2) is a composite of two independent Poisson distributions. Including the simple Poisson (P 1 ), a total of six point distributions were created (Fig. 5) . The sonar geometry and signaling of the verification simulation are used here as well. The variable pulse length allows the interrogation of different spatial scales within each distribution thus allowing the different patterns of scatterer distribution to be manifested in the statistical character of the reverberation process.
For each distribution and pulse length, the coefficient of excess y was estimated using the moment method. Once again, the data set consisted of a total of 30 000 samples created in a manner similar to the control experiment. The coefficient of excess 7' was estimated for each type of distribution and is shown as a function of pulse length in The Magellan Rise data set (Fig. 8) 
